Background--The pericoronary fat attenuation index (pFAI) has emerged as a marker of coronary inflammation, which is measurable from standard coronary computed tomography angiography (CCTA). It compares well with gold-standard methods for the assessment of coronary inflammation and can predict future cardiovascular events. pFAI could prove invaluable to differentiate an inflammatory from a noninflammatory coronary artery status, helping unravel the mechanisms subtending an event classified as myocardial infarction with nonobstructive coronary arteries (MINOCA) or Tako-Tsubo syndrome (TTS).
A n imaging biomarker that could noninvasively assess coronary artery inflammation would be invaluable for research and clinical use. 1 The detection of coronary artery inflammation would allow personalized risk assessment in patients with suspected coronary artery disease (CAD), beyond clinical data, coronary stenosis severity or presence of high-risk plaques, allowing the initiation of maximized risk reduction strategies in truly high-risk patients. 2 The pericoronary fat attenuation index (pFAI) has recently emerged as a clinical marker of coronary inflammation that is easy to measure from standard coronary computed tomography angiograms (CCTAs). 3 It compares well with gold-standard techniques for the assessment of plaque inflammation, 4 and it is able to predict future cardiovascular events, at least in patients with suspected stable CAD. 5 Myocardial infarction with nonobstructive coronary arteries (MINOCA) is a working diagnosis, recognizing several possible mechanisms. The definition of MINOCA of the European Society of Cardiology working group is based on the absence of overt clinical causes for an acute myocardial infarction (MI) in which coronary angiography demonstrates no or <50% coronary artery stenosis. 6 In a percentage of MINOCA, a cause can be finally identified, although it may become apparent only after thorough multimodality diagnostic workup. pFAI could prove useful to differentiate an inflammatory from a noninflammatory coronary artery status, helping unravel the mechanism subtending a MINOCA event. Coronary artery vasospasm, for example, has been clearly associated with coronary inflammation. 7 In the current study, we retrospectively selected patients with MINOCA and Tako-Tsubo syndrome (TTS) (the recent American Heart Association scientific statement considers TTS as a separate entity) 8 who were clinically investigated with both CCTA and cardiac magnetic resonance (CMR) at the time of or shortly after their event.
We measured pFAI in all patients with MINOCA and TTS and compared it with healthy controls, who had a CCTA for atypical chest pain workup (with no obstructive CAD or cardiac events during their follow-up), to assess the relative contribution of inflammation in MINOCA and TTS.
Methods
The data that support the findings of this study are available from the corresponding author upon reasonable request.
Patients
The study was approved by the Institutional Review Board and Research Ethics Committee, and all subjects gave written informed consent. We screened patients who were admitted to our institution from January 2011 to January 2018, had invasive coronary angiography, and were finally discharged (or eventually died) with a diagnosis of MI. The definition of MI was as follows: (1) typical chest pain lasting >20 minutes; (2) persistent electrocardiographic changes; and (3) at least one troponin I value above the 99th percentile upper reference limit with a rise and/or fall in serial measurements.
MINOCA cases
Patient inclusion required (1) a confirmed diagnosis of MI; (2) an available invasive coronary angiogram in the acute phase showing no or <50% coronary artery stenosis; (3) no identifiable clinically overt cause for the acute MI event; (4) CCTA performed within 7 days after the MI event; and (5) CMR performed within 2 weeks, which excluded findings compatible with myocarditis.
Exclusion criteria for MINOCA cases were (1) a history of previous MI or coronary revascularization or cardiac surgery or cardiomyopathy or severe valvular disease; (2) noncardiac disease potentially linked to troponin I elevations (pulmonary embolism, end-stage renal disease, severe anemia); or (3) low technical quality CCTA and/or CMR, as visually assessed by 2 experienced operators.
TTS cases
Patient inclusion criteria were the same used for MINOCA cases, but additionally they had to fulfill the European Society of Cardiology-Heart Failure Association diagnostic criteria for TTS. 9 They were required to show left ventricular ballooning (either apical, midcavity, or basal) and modest cardiac biomarker release; the partial or complete recovery of left ventricular ejection fraction to normal values at 6-month follow-up echocardiography was required to confirm the TTS diagnosis. Exclusion criteria were CMR showing findings compatible with myocarditis, the presence of acute or chronic infectious diseases or other inflammatory conditions such as flulike illness, any pyrexial illness or septic presentation, asthma, eczema, allergy, rheumatoid arthritis, systemic lupus erythematosus, Crohn disease, ulcerative colitis, or any concurrent physical illness that in the judgment of investigators was a potential confounder to the hypothesis (eg, concurrent hypertrophic or noncompaction cardiomyopathy, moderate to severe left ventricular hypertrophy of any cause).
Controls
A control group, comprising consecutive subjects presenting to CCTA for workup of atypical acute chest pain, after being evaluated in our the chest pain unit, since January 2011, and showing no or <50% coronary artery stenosis at CCTA was selected using the same exclusion criteria applied to MINOCA/ TTS cases; additionally, subjects who had any cardiovascular event (ischemic or arrhythmias) at a minimum follow-up of 2 years after their index CCTA were also excluded.
Coronary Angiography
Selective conventional coronary angiography was performed in all cases (MINOCA/TTS) using standard techniques (Innova
Clinical Perspective
What Is New?
• In the current single-center study we compared for the first time peri-coronary fat attenuation index using computed tomography angiography, which is an index associated with vascular inflammation, between a group of patients with myocardial infarction with nonobstructive coronary arteries or Tako-Tsubo and controls. • Patients with MINOCA and Tako-Tsubo demonstrated significantly higher values of pericoronary fat attenuation index compared with controls, indicating that inflammation is associated with such diseases, although typical obstructive atherosclerotic coronary artery disease is absent or trivial in these subjects.
What Are the Clinical Implications?
• Computed tomography angiography could be used from a diagnostic standpoint not only to assess coronary artery plaques, but, in the absence of obstructive disease or significant high-risk plaques, it could also confirm the clinical suspicion of an atypical coronary artery disease syndrome through the finding of inflamed coronary arteries. • We speculate that this newly available diagnostic tool in the future may help select patients for new therapies, for example, therapies targeting coronary inflammation, and have a measurable feedback regarding their efficacy.
2000 GE; General Electric, Milwaukee, WI). Standard multiple projections were recorded for the left and right coronary arteries. Left ventriculography was performed in the right oblique projection. All of the coronary angiograms were evaluated by an experienced angiographer. The severity of coronary stenosis was visually estimated, as was the presence of calcifications and subtle changes in lumen contour.
Coronary Computed Tomography
CCTA examinations were performed using a Dual Source computed tomography (CT) system (Somatom Definition FLASH; Siemens Healthcare, Forchheim, Germany). See Data S1 for detailed CCTA image acquisition parameters. To achieve optimal image quality and reduce the radiography dose, all patients with a heart rate >65 bpm received intravenous atenolol 5 to 10 mg 5 minutes before the CT scan to reduce motion artifacts. Low and regular heart rates allowed to scan patients using the prospective ECG scan technique or high-pitch FLASH CT protocol. All patients received sublingual nitrates (isosorbide dinitrate 0.5 mg/ tablets administered 1-3 minutes before the investigation) to improve visualization of the coronary arteries by dilation.
CCTA analysis-coronary artery anatomy and plaque analysis
The data set was analyzed by 2 experienced readers using an offline workstation software package (Leonardo; Siemens Medical Solutions, Forchheim, Germany). Angiographic CT data sets of the reconstructed coronary vessels were created in the best phase of the cardiac cycle depending on the heart rate of the patient (end-diastolic cardiac phase usually set at 60% of the R-R interval or endsystolic phase set at 30% of the R-R interval). The presence of plaques was assessed using original axial images, multiplanar reconstruction, and cross-sectional reconstruction. All of the coronary segments were analyzed in accordance with the American Heart Association classification, 10 and each segment was delimited by identifiable side branches. We defined high-risk plaque features (positive remodeling, spotty calcification, napkin-ring sign, low-attenuation plaque) as previously described. 11 
Pericoronary Fat Attenuation Index
To measure the perivascular pFAI, we used a software package (Aquarius Workstation version 4.4.13; TeraRecon Inc., Foster City, CA), and we traced proximal 40-mm segments of the 3 major epicardial coronary vessels (for right coronary artery starting 10 mm distal to the ostium, while for left anterior descending artery and circumflex artery starting normally at the ostium) 5 and defined perivascular fat as the adipose tissue within a radial distance from the outer vessel wall equal to the diameter of the vessel. We ascertained the perivascular fat attenuation index by quantifying the weighted perivascular fat attenuation after adjustment for technical parameters (if 100-kV voltage was used instead of 120-kV voltage, the mean Hounsfield unit [HU] value was corrected dividing by 1.11485) on the basis of the attenuation histogram of perivascular fat within the range À190 to À30 HU, as described previously 5 (see Data S1 for details on pFAI measurement).
Cardiac Magnetic Resonance
All of the CMR studies were acquired using a 1.5 T magnetic resonance imaging system (Philips Achieva; Philips Medical System, Best, The Netherlands), commercially available cardiac CMR software, vector electrocardiographic triggering, and a dedicated 5-channel phase-array surface coil. The image parameters in detail can be found in Data S1. All CMR studies were analyzed using an offline workstation (ViewForum, Philips Medical Systems). The late gadolinium enhancement (LGE) images were analyzed by 2 experienced readers for the presence and localization of MI, which was defined as a hyperintense area whose signal intensity was >5 SDs greater than that of the remote myocardium 12 and whose subendocardial or transmural distribution was compatible with coronary distribution. Lake Louise criteria were used to exclude myocarditis. 13 
Definition of Infarct-Related Artery
For each MINOCA patient, excluding TTS, the infarct-related culprit artery (IRA) was assigned on the basis of the LGE location shown by the CMR images or, if LGE was not present, using acute wall motion abnormalities at CMR or echocardiography; the association between coronary artery distribution and myocardial segments was made on the basis of the American Heart Association recommendations. 10 IRA was not even assigned in TTS patients because of wall motion abnormalities typically crossing the boundaries of coronary artery territories in this syndrome.
Transthoracic Echocardiography
Echocardiography was performed in MINOCA/TTS during hospital stay, with commercially available ultrasound scanners (iE33; Philips Medical Systems, Andover, MA) and analyzed by an experienced cardiologist. Three cardiac cycles in each of the standard parasternal long-axis; short-axis; and apical 4-, 3-, and 2-chamber views were obtained at a frame rate of at least 40 Hz and offline analysis performed for left ventricular ejection fraction and wall motion abnormalities. In suspected TTS cases, echocardiograms performed at 5 to 7 months after the event were additionally reviewed to confirm the temporary nature of the acute wall motion abnormalities.
Statistical Analysis
The normally distributed continuous variables were expressed as mean values and SD, and compared using the t-test for independent samples; the continuous variables that were not normally distributed were expressed as median values and interquartile range and compared with the Mann-Whitney U test.
The categorical values were expressed as numbers and percentages and compared using the chi-square test. The association between nonnormally distributed continuous variables was assessed with linear regression. Logistic regression was used to test the association between dichotomous variables and pFAI ≥ À70.1 HU, which is the previously published cutoff for coronary inflammation in subjects with suspected CAD. 5 We will also derive the best pFAI cutoff to identify MINOCA/TTS versus controls from our data set, by identifying the value that maximized Youden's J statistic (sum of sensitivity and specificity) on receiver operating characteristic curve analysis. The intraclass coefficient was used to assess intra-and interobserver reliability/agreement of pFAI measurement. A P<0.05 was considered significant. The statistical analyses were made using Statsdirect software, version 3.0 (http://www.statsdirect.com. England: StatsDirect Ltd.; 2013.).
Results

Population
Of 3482 patients admitted to our tertiary center with MI diagnosis between January 2011 and January 2018, n=177 patients with confirmed MI did not show any coronary artery disease or <50% diameter stenosis at invasive coronary angiography; among them, n=118 (66%) had both CCTA and CMR available, but according to selection criteria for MINOCA/TTS cases, n=3 were excluded because of a history of prior MI, n=6 were excluded because reclassified by CMR data to a final diagnosis of myocarditis and n=3 were excluded for low-quality CCTA (motion artifacts). The final MINOCA/TTS group was composed of n=106 subjects.
The MINOCA/TTS group could be further divided into 3 subgroups based on (1) absence of an identifiable or suspected mechanism for the specific MINOCA event (n=63), (2) MINOCA with suspected coronary artery dissection (SCAD) at invasive coronary angiography (n=17), or (3) TTS (n=26). The same overall number of controls (n=106) were selected from our CCTA database and their exams assessed with the same methods used for MINOCA/TTS. Table 1 reports and compares demographics, risk factors, ECG, peak troponin I, left ventricular wall motion data, CMR-LGE, and CCTA data in MINOCA/TTS and controls. Hypertension was more frequent in the MINOCA/TTS group, while cigarette smoking was more frequent in controls; the demographic variables and the rest of clinical variables were not significantly different between the 2 groups. The number of patients with at least 1 coronary plaque defined as high risk (according to predefined CCTA criteria) was significantly higher in MINOCA/TTS cases (n=55, 52%) compared with controls (n=33, 31%) (P=0.003).
Pericoronary Fat Attenuation Index
Mean pFAI, averaged for the 3 coronary arteries in the MINOCA/TTS group (n=106) was À68.37AE8.29 HU, while in the control group it was À78.03AE6.20 HU, showing a statistically significant difference (P<0.0001). Figure 1 graphically shows mean pFAI averaged over the 3 coronary arteries in MINOCA/TTS and the difference versus pFAI controls (P<0.0001), and also shows the mean pFAI values in each of the 3 coronary arteries in the MINOCA/TTS group (P=ns). Figure 2 graphically shows the paired comparison of mean pFAI for each single coronary artery between MINOCA/TTS and controls, demonstrating a significant difference with higher pFAI in MINOCA/TTS versus controls in each coronary artery (P<0.0001). Dichotomized pFAI (< or ≥ À70.1 HU, according to the previously reported best cutoff for coronary inflammation) 5 was not associated with any demographic or clinical variable, presenting symptom, presenting ECG (STsegment-elevation MI versus non-ST-segment-elevation MI) or the presence of an identifiable IRA, wall motion abnormalities, left ventricular ejection fraction, CMR-LGE, or the finding of least 1 high-risk coronary plaque (Logit P=ns for all). There was no significant association between pFAI and Agatston calcium score (r=0.065, P=0.508) and also between pFAI and peak troponin I (r=0.146, P=0.134). Table 2 reports CCTA data on coronary artery plaques and pFAI and fat volume in detail, measured in each coronary artery, both in the MINOCA/TTS and control study groups. Patients with at least 1 coronary plaque were n=64 (60%) in the MINOCA/TTS group and n=42 (40%) (P=0.004). Plaque characteristics used to define high-risk plaques are here also reported separately, demonstrating that low-attenuation plaques in particular were almost 6 times more frequent in the MINOCA/TTS group compared with controls (P<0.0001).
Mean pFAI in the control group was significantly higher in the left circumflex coronary artery, compared either with the right coronary artery (P=0.024) or left anterior descending artery (P=0.001), but in the MINOCA/TTS there was no significant difference (P=ns) among the mean pFAI of the 3 coronary arteries. In the MINOCA/TTS group, the mean pFAI of each coronary artery versus the other were significantly associated (r=0.531, r=0.602, r=0.701, all with P<0.0001); fat volume was associated, but inversely, with mean pFAI only in the left anterior and left circumflex coronary arteries (r=À0.429, r=À0.451, P<0.0001), while this was not the case (r=0.008, P=0.938) for the right coronary artery. A significant correlation was instead seen in the control group for all 3 coronary arteries. Table 2 shows that mean pFAI on a coronary artery, which is identified as IRA for a given MINOCA event, trended to higher values compared with the mean pFAI value in the same coronary artery, when it is not deemed as the IRA, although differences were not statistically significant (P=ns). After dividing the MINOCA/TTS group into MINOCA with no mechanism identified, SCAD, and TTS, mean pFAI in each of the 3 subgroups was significantly higher than mean pFAI in controls (P<0.0001 or P<0.001), but mean pFAI values among the 3 MINOCA/TTS subgroups were not significantly different when compared among them (Figure 3) .
From the receiver operating characteristic analysis ≥ À70.83 HU was derived as the best pFAI cutoff associated When defining inflammation as pFAI ≥ À70.1 HU, as previously reported in subjects with stable CAD 5 (and closely replicated in the current data set, with best cutoff value À70.83 HU), 55% of MINOCA/TTS were demonstrated to have inflamed coronary arteries, while coronary inflammation was found in only 5% of controls, as shown in Figure 4 . High-risk plaques were found in 32 of the 59 (54%) patients with pFAI >À70.1 HU and 23 of the 48 (48%) with pFAI <À70.1 (P=ns).
Intra-and Interobserver Agreement
Intraclass correlation coefficient between 2 separate sets of pFAI measurements (average of the 3 coronary arteries) performed by the same operator (BB) on 60 random exams (30 MINOCA and 30 controls), was 0.892, while the same parameter assessed between 2 different readers (BB and CM), for the same 60 exams, was 0.844; both values of intra-and interrater agreement are generally classified as good to excellent.
Discussion
To our knowledge, this is the first study reporting on coronary inflammation in patients with MINOCA/TTS using the CCTA pericoronary fat attenuation method, and comparing data versus a control group with no obstructive CAD and no cardiac events in their follow-up. Our main findings indicate that mean pFAI in MINOCA/TTS is significantly higher than in controls, either comparing the average pFAI measurement of the 3 coronary arteries or pFAI in each single coronary artery. Evidence is rapidly accumulating that higher pFAI mirrors coronary inflammation, [3] [4] [5] 7 so that we may conclude that coronary arteries are affected by inflammation in MINOCA/TTS. Whether this inflammatory process is causative or just the downstream effect of another primary causative process in MINOCA/TTS is out of the scope of the current study. Figure 5 shows 2 paradigmatic examples of pFAI measurements on the right coronary artery in a patient with MINOCA and a control patient. We also found a statistically significant higher prevalence of (nonobstructive) coronary artery plaques in general, but more specifically of high-risk plaques in patients with MINOCA/TTS compared with the control group, the difference being particularly striking regarding low-attenuation plaques, almost 6 times more frequent in patients with MINOCA/ TTS. Regarding the comparison of total plaque burden, the finding is in discordance with the only prior study, in a smaller sample, reporting on the comparison between patients with MINOCA and healthy controls, 14 while regarding the presence of high-risk plaques this is apparently the first report addressing the issue. We conclude that patients with MINOCA/TTS more frequently have coronary artery plaques, although nonobstructive, which are more frequently so-called high-risk plaques compared with subjects with no CAD or nonobstructive disease, and additionally showing no cardiac events in their follow-up (controls).
MINOCA/TTS Subgroups
Depending on the definition used for MINOCA, 6, 8 this entity may or may not include TTS, so that we also separately classified 3 subgroups of patients with MINOCA/TTS, either patients with MINOCA in whom no cause was suspected or patients with SCAD or with TTS, to determine whether mean pFAI differed among 3 such broad categories of patients with nontypical MI (and how they compare with healthy controls).
With the limitation of smaller subgroups for TTS and SCAD, there seems to be a mild gradient of decreasing inflammation (pFAI) from SCAD through MINOCA with no identifiable cause, to TTS, but this difference was statistically significant; on the contrary, a significant difference (with higher pFAI) was found when comparing pFAI of each of the 3 MINOCA/TTS subgroups versus controls. It has been suggested that pFAI is also regionally modified (higher pFAI) in proximity of a culprit coronary artery plaque. 3, 4 In our MINOCA/TTS cases, as per definition, there could not be any clearly identifiable culprit plaque; consequently, rather than using the culprit plaque assessment, we compared pFAI in the IRA versus pFAI measured in the same coronary artery when the other coronary arteries were instead identified as the IRA (see Table 2 ). A trend toward higher mean pFAI was recorded when the measured coronary was identified as the IRA (in particular for the right coronary artery), although we did not find statistically significant differences for such comparison, in any of the 3 coronary arteries. We assessed IRA, defined as the coronary artery subtending the myocardium with LGE or wall motion abnormalities, only in the 80 patients with MINOCA (not in the 26 TTS patients, in whom wall motion abnormalities typically cross the boundaries of coronary territories), and only in 49 IRA was finally assigned, so that the samples to be compared (and power) were rather small. From our data we can only conclude that coronary inflammation in MINOCA appeared more as a generalized process in the coronary artery tree of the patient, rather than a regionally limited process to a specific target coronary artery. This is, to our knowledge, the first study reporting on pFAI in MINOCA and TTS, and while it is a novel contribution to research, it is only the first piece of information regarding the assessment of relatively rare entities such as MINOCA/TTS using this new pFAI inflammatory marker, and it should be replicated in other studies.
pFAI is easy to use clinically and, importantly, it is easily retrospectively measurable from the same standard CCTA, which may highlight other important information regarding the presence of high-risk plaques, for example, apparently more frequent in MINOCA/TTS. A recent paper on TTS has clearly demonstrated macrophage-mediated cellular inflammatory response in the myocardium, superimposed on myocardial edema, and the authors showed systemic peripheral Figure 5 . Two exams, the upper one in a patient with MINOCA and the lower one in a control subject. A and B, The initial identification of the tract of the right coronary artery to be measured, selecting the tract 10 to 50 mm from the coronary ostium distally (40 mm are measured); in (B and E) the outer boundary of the volumetric sample is increased of the same length as the coronary artery diameter, to include pericoronary fat, which is then measured in (C and F) (histograms) for its mean radiodensity (C=À62.34 HU in MINOCA, C1=À84.03 HU in the control). HU indicates Hounsfield units. inflammatory responses, some of which appear to persist for months. 15 Such data confirm inflammatory responses in TTS, as we have also demonstrated more specifically in the coronary arteries using pFAI measurement, not only in TTS but also in the other patients with MINOCA. Vasospasm, widely recognized as one of the causes of MINOCA, has also been recently linked to coronary inflammation. 7 Coronary inflammation is becoming clinically demonstrable in different types of coronary artery disease, and is consequently a candidate to become a key target for future therapeutic strategies. 16 The medical literature is flooded with clinical and imaging variables that, once categorized, for example, in quartiles, are finally proven diagnostic or prognostic markers, but such variables are often difficult to use in the clinical field because of the unavailability of a robust "yes/no" cutoff value. We find it interesting that, as far as pFAI is concerned, À70 HU appears to be a reasonably robust cutoff to define the coronary arteries as inflamed or not (at least in the assessment of their proximal 40-mm tract); in fact, this is the second study finding a best cutoff value close to the À70 HU threshold. 5 A third study performed in a small group of patients with acute coronary syndrome found values not far from this À70 HU threshold, in this case used to differentiate culprit versus nonculprit plaques (À68.2 HU), notwithstanding the different clinical setting, the analysis not being limited to the proximal coronary segments, and the different software used for postprocessing. 17 Further studies will confirm whether such À70 HU value is clinically applicable as a coronary inflammatory marker across different clinical scenarios.
Study Limitations
The study is retrospective and from a single center, with all inherent limitations; the early interest and involvement of our center's cardioradiology group in research on TTS 18 and MINOCA 19 has favored the use of CCTA and CMR in clinical routine for such patients with suspected MI without obstructive CAD, leading to 118 of 177 patients with MINOCA/TTS admitted during the study period (67%) having both CCTA and CMR available, with 106 patients with MINOCA/TTS finally enrolled. Drug therapy was not recorded in the current study because it was deemed difficult to interpret, as patients with MINOCA/TTS are typically treated from day 0 of hospital admission as suspected acute coronary syndromes, with highdose statins, beta-blockers, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, dual antiplatelet therapy, and low-molecular-weight heparin or fondaparinux, but they also have prior chronic and unrecorded therapies. CCTA was performed a few days after admission, and the relative contribution of chronic versus recent therapies to the measurement of pFAI is impossible to weigh. For this reason, we cannot exclude an effect of drugs used in acute coronary syndromes on pFAI in our MINOCA/TTS group, although highdose statins, immediately prescribed in suspected acute coronary syndromes, for example, are expected to bear an opposite (anti-inflammatory) effect, more probably reducing inflammation (and possibly the difference in pFAI) between MINOCA/TTS and controls, rather than the opposite. Vasomotor tests, intracoronary ultrasonography, optical coherence tomography for in-depth coronary function, and plaque morphology assessments were not performed. However, these are invasive and time-consuming techniques that can hardly be used in clinical routine, limiting their clinical applicability to research, differently from pFAI measurement and CCTA plaque assessment.
Conclusions
In patients with MINOCA and TTS, CCTA is not only able to detect otherwise angiographically invisible high-risk plaques, which are apparently more frequently diagnosed than in controls, but CCTA diagnostic yield can be further extended by attenuation characterization of pericoronary fat tissue. MINOCA/TTS cases clearly demonstrated higher pFAI, a surrogate for coronary inflammation, in comparison with controls. We speculate that pFAI diagnostic data in the future may also help better select patients for new therapies, for example, targeting coronary inflammation. epicardial fatty tissue, and could be identified in at least 2 independent planes.20 Calcified atherosclerotic plaque was defined as any structure with a density of ≥130 HU that could be assigned to the coronary artery wall, visualized separately from the contrast-enhanced coronary lumen (because it was embedded in noncalcified plaque or its density was greater than that of the contrast-enhanced lumen), and could be identified in at least 2 independent planes.
The display settings used for the lumen and plaque analyses were manipulated to achieve optimal separation between the vessel lumen, wall, and surrounding tissue and minimize blooming artifacts in the case of calcified plaques. A cross-sectional image of each coronary segment was created on multiplanar reconstructions perpendicularly to the center-line of the vessel. In the presence of coronary plaque, the outer vessel contour at the point of maximum plaque area was manually traced to measure the vessel area, which was also measured in a coronary segment without any detectable atherosclerosis proximal to the lesion and used as the reference vessel area. pFAI. Proximal, 40 mm-long segments of all major three epicardial coronary vessels (right coronary artery[RCA], left anterior descending artery [LAD] and left circumflex artery [LCx]) were tracked using a dedicated CCTA analysis software (Aquarius Workstation® V.4.4.13, TeraRecon Inc., Foster City, CA, USA). To avoid the effects of the aortic wall, the most proximal 10 mm of the RCA were excluded and analysis was performed in the proximal 10-50 mm of the vessel, as previously described. 11 In the LAD and LCx, analysis was performed in the proximal 40 mm of each vessel. If the obtuse marginal was clearly a more dominant vessel than the LCx, analysis was performed extending into the former vessel. The left main coronary artery was not analysed because of its variable length and anatomy and because it may be absent. Following identification of the segment of interest, the lumen as well as the inner and outer wall border were tracked in an automated manner with additional manual optimization. pFAI was defined as the adipose tissue located within a radial distance from the outer vessel wall equal to the diameter of the respective vessel.11 Voxel attenuation histograms were plotted and the weighted average attenuation of all voxels between -30 to -190 HU
